Introduction
Hypoxic-ischemic brain injury results in cerebral palsy (CP), mental retardation or learning disabilities in surviving children (Robertson and Finer, 1985) . Cerebral palsy is a heterogeneous group of neurological disorders that appear in infancy or early childhood and permanently affect body movement and muscle coordination but do not worsen over time. It is now widely recognized that the majority of cases of term neonatal encephalopathy are related to hypoxic-ischemic brain injury that occurs in utero from a variety of intrapartum conditions (Badawi et al., 1998) . Hypoxia-ischemia is also associated with subsequent cerebral injury in a disproportionately high percentage of the survivors of premature birth (Schmidt et al., 2001; Volpe, 2001) . The incidence of CP increases dramatically with the decline in gestational age at birth, such that 4-12% of infants with a birth weight less than 1000 g are affected (Schmidt et al., 2001) .
We have generated a rabbit model of antenatal hypoxia at 70% gestation resulting in survivors that manifest early signs consistent with cerebral palsy (Derrick et al., 2004 (Derrick et al., , 2007 . This model offers the distinct advantages that, similar to the human newborn, the newborn rabbit has immature locomotor function, and the cerebral hemispheres are not fully myelinated. Uterine ischemia in the dams resulted in a distinct neurobehavioral phenotype in the newborn kits, which was characterized by an increase in forelimb tone that was significantly correlated with histological evidence of persistent injury to subcortical motor pathways involving the basal ganglia and anterior thalamus. These studies provide the first animal model in which antecedent insult during development of the immature CNS results in a constellation of hypertonic motor deficits at term birth that are consistent with those observed in CP. We have previously shown that inhibition of nNOS in this animal model decreases reactive nitrogen species (Tan et al., 2001 ) and decreased the incidence of severely affected rabbit kits (Ji et al., 2009) .
There is a spectrum of brain injury from H-I. In our original paper (Derrick et al., 2004 ) the neurobehavioral testing was The relationship of movement between different muscle groups has not been quantified before in the newborn period. Cerebral palsy (CP), which often occurs as a result of perinatal hypoxia-ischemia (H-I), is categorized depending on clinical presentation, brain region involvement and extent of involvement. In order to test different brain region involvement, this study investigates individual and multi-joint involvement in a rabbit model of CP. Pregnant rabbits at 70% gestation were subjected to 40-min uterine ischemia. Newborn rabbit kits were subjected to a swim test at 5 time points over the first 11 days of life. H-I kits were divided into hypertonic and non-hypertonic groups based on muscle tone at birth. The ranges and velocity of angular movement of the forelimb and hind limb joints (wrist, elbow, shoulder, ankle, knee and hip) during supported swimming were determined. Severely impaired (hypertonic) animals have significantly reduced range and angular velocity of joint motion, which do not improve over time. The non-hypertonic group showed deficits in wrist and hind limb movements that were not evident on prolonged observation. Preventive treatment with an inhibitor of neuronal nitric oxide synthase decreased the incidence of severely impaired kits; the non-hypertonic kits showed a different pattern of swimming. Supported swimming allows quantification of limb and joint motion in the principal plane of movement in the absence of weight bearing and decreases the need for balance control. Identification and quantification of milder deficits allows mechanistic studies in the causation of H-I injury as well as estimation of recovery with therapeutic agents. ß 2009 ISDN. Published by Elsevier Ltd. All rights reserved.
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